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CHRONIC SOCIAL STRESS AND  
HIPPOCAMPAL MEMORY SYSTEM IN OLDER ADULTS 
AMARA AYOUB 
ABSTRACT 
 Perceived social discrimination, a salient chronic psychosocial stressor, has an 
adverse effect on physical and mental health. Cumulative stress compromises adaptive 
physiologic processes and triggers changes in hypothalamic-pituitary-adrenocortical 
(HPA) axis functioning. The hippocampus is critical for episodic memory and mediates 
the HPA stress response. Animal models have demonstrated increased vulnerability of 
the hippocampus to stress-induced morphological alterations and dysfunction. Previous 
research has shown that greater psychosocial stress is related to poorer episodic memory 
performance in older adults. Diffusion-weighted imaging (DWI) studies strongly support 
the role of the uncinate fasciculus (UF) in episodic memory. Furthermore, psychosocial 
stress has been associated with white matter (WM) microstructural abnormalities in the 
UF. Although the effect of chronic psychosocial stress is well established, the effects of 
social discrimination on WM integrity and episodic memory are not well understood. In 
this study, we tested the hypothesis that greater perceived social discrimination in older 
adults is associated with poorer episodic memory performance and structural 
abnormalities of the UF tract. Twenty-eight participants (63.8 – 73 years, 57.1% female, 
42.9% African American) reported experiences of discrimination (EoD) and perceived 
stress (PSS) and were assessed for episodic memory. High angular resolution diffusion 
imaging (HARDI) scans were analyzed with probabilistic tractography to examine 
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associations of UF diffusion metrics with EoD scores and episodic memory performance. 
Spearman’s rank correlation determined a significant positive association between EoD 
and PSS scores (rs(28) = 0.45, p = 0.017), suggesting perceived discrimination is a 
chronic stressor and may be a social determinant of health. However, contrary to our 
expectations, neither EoD nor PSS were significantly related to episodic memory 
performance and UF diffusion metrics. Future longitudinal research to examine 
associations between perceived discrimination, episodic memory and WM microstructure 
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 Exposure to multiple forms of perceived social discrimination has an established 
negative effect on physical and mental health outcomes (Pascoe & Richman, 2009). 
Perceived social discrimination reflects the negative covert and overt attitudes, judgments 
or unfair treatment experienced by socially disadvantaged people as a result of their sex, 
race, ethnicity, socioeconomic status and other factors (Kessler et al., 1999). In this 
paper, the terms perceived discrimination and social discrimination are interchangeable. 
Chronic social discrimination is a salient psychosocial stressor that compromises adaptive 
physiologic and psychological processes, collectively known as allostasis (Pascoe & 
Richman, 2009). Allostatic processes promote adaptation to acute stress to restore 
homeostasis (McEwen & Wingfield, 2003). Allostatic load refers to the cumulative 
deleterious effect of prolonged allostasis on the body and dysregulation of the stress 
response system, resulting from chronic stress (McEwen & Stellar, 1993; McEwen & 
Wingfield, 2003; McEwen, 2007). Higher allostatic load is associated with poorer 
cognitive performance and increased risk of subsequent decline in memory, independent 
of sociodemographic and health status risk factors (Seeman et al., 1997b).  
 
1.1 The Physiological Stress Response and the Hippocampus 
Chronic stress triggers sustained activation of the neuroendocrine stress circuit, 
the hypothalamic-pituitary-adrenocortical (HPA) axis (Fuchs et al., 2001). Under 
stressful conditions, multi-synaptic inputs from several forebrain structures converge on 
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the paraventricular nucleus of the hypothalamus, wherein the stress response transduces 
an endocrine response through secretion of corticotropin releasing hormone (CRH) 
(Cullinan et al., 1995; López et al., 1999). CRH reaches the anterior pituitary gland to 
stimulate adrenocorticotropic hormone (ACTH) release, which in turn stimulates 
secretion of glucocorticoids (cortisol in humans and corticosterone in rodents) from the 
adrenal cortex into systemic circulation (López et al., 1999). Upon termination of stress, 
glucocorticoid concentrations decrease through negative feedback inhibition of their own 
receptors in the hypothalamus and pituitary gland, thus inhibiting CRH and ACTH 
secretion (Herman & Cullinan, 1997; De Kloet et al., 1998).  
Glucocorticoid receptors (GR) are highly expressed in the hippocampus, a plastic 
brain area of the medial temporal lobe, important for episodic and spatial learning and 
memory (Jacobson & Sapolsky, 1991). The hippocampus mediates the stress response by 
exerting an inhibitory effect on the HPA axis via a negative feedback loop (Jacobson & 
Sapolsky, 1991; De Kloet et al., 1998). Therefore, damage to the hippocampus disrupts 
proper shut off of the HPA axis and leads to prolonged hyperactivity of the stress 
response (Herman & Cullinan, 1997; Jacobson & Sapolsky, 1991). Glucocorticoid excess 
downregulates GR gene expression and alters excitability of neurons in the hippocampus, 
acting as a potent modulator of cell physiology and behavior (De Kloet, 1991; Joëls & De 
Kloet, 1992). Chronically elevated glucocorticoids increase the vulnerability of the 
hippocampus to the effects of stress, resulting in atrophy, morphological alterations, and 
cognitive dysfunction (Sapolsky, 1986; McEwen & Sapolsky, 1995).  
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1.2 Stress and Hippocampal Neuroplasticity 
Several animal models have demonstrated the effects of stress and glucocorticoids 
on hippocampal morphology and plasticity (Fuchs & Flügge, 1998; Fuchs & Flügge, 
2002). The majority of early findings were from studies of rodents, in which induced 
stress involved physical alterations only (e.g. physical restraint) (Fuchs & Flügge, 1998). 
To study the mechanisms of stress-related neuropathologies in humans, animal models 
adapted an adult chronic psychosocial stress paradigm that exposed animals to 
psychosocial stressors (e.g. social defeat) (Pryce & Fuchs, 2017). One highly validated 
model is the adult male tree shrew stress paradigm. Male tree shrews are day-active 
mammals that display a pronounced territoriality against intruding conspecifics; this 
territoriality has been exploited experimentally to establish a naturally occurring resident-
intruder paradigm (Kawamichi & Kawamichi, 1979; Pryce & Fuchs, 2017). Here, one 
socially naïve male (intruder) is introduced into the home cage of a socially experienced 
male (resident), resulting in a fight and establishment of a dominant-subordinate 
relationship. Under social challenge, the subordinate male shows distinct changes in 
behavior and neuroendocrinology (Pryce & Fuchs, 2017; Fuchs et al., 2001).  
Accumulating evidence, from this paradigm has shown that exposure to repeated 
daily psychosocial stress and subsequent excess glucocorticoids leads to debranching and 
atrophy of apical dendrites of CA3 hippocampal pyramidal neurons, as well as a decrease 
in hippocampal volume (Magariños et al., 1996; Ohl et al., 2000; Czéh et al., 2001). 
Structural remodeling of dendrites involves other mediators acting synergistically with 
glucocorticoids (Krugers et al., 1993). Studies suggest that endogenous release of 
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excitatory amino acids (e.g., glutamate) from hippocampal mossy fibers during repeated 
stress mediates atrophy of CA3 apical dendrites (Magariños et al., 1997). Retraction of 
apical dendrites might also reduce total dendritic synapses (Magariños et al., 1996). 
Besides glucocorticoids and excitatory amino acids, serotonin mediates stress-induced 
hippocampal plasticity (McEwen, 1999). Serotonin concentrations in the hippocampus 
are increased during psychosocial stress (Fuchs & Flügge, 1998). Serotonin inhibits 
synaptogenesis, the formation of synapses between neurons, thereby suppressing synaptic 
plasticity in the hippocampus (Kim & Diamond, 2002). 
Another form of structural plasticity is suppression of neurogenesis. Adult 
neurogenesis, the generation of new neurons in the adult brain, is a process that occurs in 
the dentate gyrus (DG) subfield of the hippocampus and few neurogenic zones in the 
adult brain (Eriksson et al., 1998). It is well established that chronic social stress 
suppresses adult hippocampal neurogenesis (AHN), demonstrated in several animal 
models, independent of species (Schoenfeld & Gould, 2012; Mirescu & Gould, 2006; 
McEwen, 1999). Studies of subordinate rodents exposed to chronic social stress have 
shown impaired AHN (Mitra et al., 2006; Czéh et al., 2007). In adult male tree shrews, 
exposure to both acute and chronic psychosocial stress has been related to decreased 
granule cell proliferation in the DG (Gould et al., 1997; Czéh et al., 2001; Czéh et al., 
2002). Another study by Gould and colleagues (1998) replicated findings from the tree 
shrew model in adult marmoset monkeys exposed to resident-intruder stressors. Exposure 
to stressful experiences has been shown to increase glutamate release, an excitatory 
neurotransmitter, and alter expression of N-methyl-D-aspartate (NMDA) receptors in 
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rodent studies (Krugers et al., 1993; Bartanusz et al., 1995). These results suggest that 
stress-induced suppression of AHN is mediated through excitatory pathways of glutamate 
and NMDA. Further studies in adult male tree shrews exhibited an age-dependent 
vulnerability to chronic stress-induced inhibition of AHN (Simon et al., 2005). This 
suggests that age and stress downregulate AHN. Overall, animal models demonstrated 
that chronic stress causes hippocampal dendritic atrophy, alterations in synapses, and 
suppressed AHN.  
Human studies have yielded similar findings. In human cross-sectional studies, 
stress-related disorders (e.g, major depression), characterized by neuroendocrine 
dysregulation, were associated with a reduction in total hippocampal volume (Gurvits et 
al., 1996; Sheline et al.,1996). Individuals with excessive glucocorticoids related to 
Cushing syndrome demonstrated similar reduction in hippocampal volume (Starkman et 
al., 1992).  In depression, an affective disorder characterized by HPA hyperactivity and 
hypercortisolism, deficits in hippocampal volume were reversed with anti-depressant 
treatment (Musić & Rossell, 2016; Vermetten et al., 2003). Postmortem studies of 
unmedicated individuals with major depressive disorder found fewer granule neurons and 
smaller DG volume, characteristics of impaired AHN (Boldrini et al., 2013). Changes in 
hippocampal morphology are also seen in otherwise healthy adults. One study found that 
greater levels of perceived chronic stress correlated with reduced hippocampal volume in 
postmenopausal women (Gianaros et al., 2007). These findings are consistent with animal 
models showing stress-related hippocampal neuroplasticity. In summary, chronic stress 
induces hippocampal remodeling, resulting in changes in gross hippocampal morphology.  
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1.3 Stress and White Matter Integrity 
Most research examining the neural correlates of chronic stress has focused 
mainly on cortical (prefrontal cortex) and medial temporal loci (hippocampus and 
amygdala). Few studies have examined how chronic stress affects the integrity of white 
matter (WM) tracts, which connects functionally related cortical and subcortical regions. 
WM integrity is measured using different models of diffusion-weighted imaging (DWI), 
a non-invasive variant of magnetic resonance imaging (MRI) based on the diffusion of 
water in the brain (Soares et al., 2013). Water diffusion within an axon of WM tracts is 
often anisotropic (i.e., directional), and restricted by microstructures (e.g., cell membrane 
and myelin sheath). DWI provides a quantitative measure of this directional diffusion 
(fractional anisotropy, FA), as well as overall diffusion (mean diffusivity, MD) 
(Alexander et al., 2007). Data analytic methods can characterize the orientation of 
multiple fibers and their microstructural integrity. In addition, high angular resolution 
diffusion imaging (HARDI) can differentiate multiple fiber orientations within the same 
voxel, unlike other models of DWI (Tuch et al., 2002).  
Studies have demonstrated that stress and elevated glucocorticoids alter WM 
integrity. In rodents, chronic restraint stress inhibited proliferation of oligodendrocytes 
and impaired myelination (Miyata et al., 2011). In aged rhesus monkeys, increased stress 
reactivity was associated with lower WM integrity in fiber bundles (Willette et al., 2012). 
Many DWI studies in humans have shown degeneration of myelin sheaths and loss of 
WM integrity in those exposed to excessive glucocorticoids (e.g. Cushing syndrome) and 
in older adults (Pires et al., 2015; Cox et al., 2015a; Peters, 2002). Other studies of older 
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adults showed greater cognitive decline with elevated cortisol, mediated through 
disruption of WM structure (Cox et al., 2015b). Disruption of microstructure (i.e., 
reduced axonal integrity or demyelination) is associated with decreased FA and increased 
MD. Increase in MD reflects increased free diffusion or “leakiness”; decrease in FA 
reflects loss of diffusion in a preferred direction (Soares et al., 2013).  
Stress is particularly associated with aberrant integrity of the uncinate fasciculus 
(UF). The UF is a bidirectional limbic pathway that connects the prefrontal cortex with 
temporal areas, including the entorhinal cortex – a major input to the hippocampus 
(Schmahmann et al., 2007). DWI studies strongly support the role of the UF in episodic 
memory formation and retrieval (Von Der Heide et al., 2013). Abnormal diffusion 
indices (i.e., elevated MD and reduced FA) indicating damage to UF integrity are 
correlated with poor delayed memory task performance, a measure of episodic memory 
(Diehl et al., 2008; Nestor et al., 2004). DWI studies in individuals with late-life 
depression have shown reduced anisotropy (i.e. FA) of the UF tract (Wen et al., 2014). In 
late-life depression, WM abnormalities in the UF correlated with poor episodic memory 
performance (Mettenburg et al., 2012). Additional studies of Alzheimer’s disease (AD), a 
progressive neurodegenerative disorder characterized by memory loss and cognitive 
dysfunction, found similar decrease in FA and increase in MD of the UF tract (Morikawa 
et al., 2010). Therefore, WM abnormalities may predict AD progression in (Alexander et 
al., 2007). In summary, stress-induced degeneration of WM may contribute to episodic 
memory loss and severity of cognitive dysfunction.  
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1.4 Stress and Hippocampal-Dependent Memory Functions 
Hippocampal degeneration and prolonged glucocorticoid elevation are usually 
accompanied by cognitive dysfunction in animals and humans (McEwen & Sapolsky, 
1995). The hippocampus encodes spatiotemporal associations that compose episodic 
memory, the memory of an autobiographical event within its spatiotemporal context, in 
humans (Musić & Rossell, 2016; Eichenbaum, 2000). Chronic stress that produces 
dendritic retraction and hippocampal atrophy selectively impair hippocampal-dependent 
learning and memory (Squire, 1992). Twenty-one days of repeated restraint stress 
impaired spatial memory in rats during a Y-maze task, a benchmark test of hippocampal-
dependent function in animals (Conrad et al., 1996). Male tree shrews exposed to 23 
weeks of sequential psychosocial stress, alternating between stressful and non-stressful 
conditions within a resident-intruder paradigm, exhibited poor performance on a hole-
board cognitive task, designed to test visuo-spatial learning and memory (Ohl & Fuchs, 
1999). Several studies suggest a similar relationship in humans. Longitudinal studies in 
healthy older adults revealed that cumulative exposure to high cortisol levels correlated 
with significant impairments in delayed memory recall, a function of episodic memory 
(Lupien et al., 1998; Lupien et al., 1994; Peavy et al., 2009; Seeman et al., 1997a).  
Pattern separation (PS), the ability to encode similar information into distinct 
memory traces, is a critical feature of episodic memory (Bakker et al., 2008).  Several 
studies have supported the role of the dentate gyrus and AHN in PS (Yassa & Stark, 
2011). An animal study, conducted by Sahay et al. (2011), showed that enhancing 
survival of adult-born neurons in the DG improved performance on context-based PS in 
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mice. In contrast, chronic stress suppresses AHN in the DG and corresponding PS 
performance (Schoenfeld & Gould, 2012). Additional studies have revealed age-related 
deficits in PS. These deficits are accompanied by hyperactivity in the DG/CA3 region, 
and reduced hippocampal volume, including its DG subfield (Yassa et al., 2011; Stark & 
Stark, 2017). These findings suggest that behavioral PS may elucidate the structural 
integrity of the hippocampus and DG.  
Altered AHN has been implicated in the pathogenesis of AD. The hippocampus 
shows profound neuropathological changes in AD, including aberrant AHN (Mu & Gage, 
2011). Transgenic mouse models of AD have demonstrated altered AHN and subsequent 
impairment in learning and memory (Mu & Gage, 2011; Ashe, 2001). Conversely, 
damage to the hippocampus is associated with vulnerability to AD and other 
neurodegenerative disorders (De Kloet et al., 1998). These findings suggest that chronic 
stress plays a crucial role in the development of AD (Jeong et al., 2006). Taken together, 
hippocampal deterioration under chronic stress impairs episodic memory functions in the 
aging brain, and may lead to development of AD.  
 
1.5 Social Discrimination, Stress, and Episodic Memory  
The association between psychosocial stress and cognitive impairment in older 
adults is heavily researched. Perceived social discrimination in marginalized populations 
shares two critical attributes of psychosocial stressors: unpredictability and 
uncontrollability (Pascoe & Richman, 2009). For this reason, researchers have studied the 
effects of perceived discrimination by applying a stress framework to test its 
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physiological correlates and its down-stream effects on health (Pascoe & Richman, 
2009). Perceived racism, a chronic biopsychosocial stressor (Clark et al., 1999), 
contributes to higher incidence of hypertension (Cozier et al., 2006), obesity (Cozier et 
al., 2014), and other health disparities among Blacks. Perceived social discrimination has 
also been negatively associated with cardiovascular health indicators (Panza et al., 2019). 
These cardiovascular risk factors are known risk factors for AD and might explain, in 
part, disparities in health outcomes (Martins et al., 2006). The incidence of AD is higher 
for Black Americans than non-Latinx Whites, independent of sociodemographic and 
health status (Tang et al., 2001). Furthermore, incidence remains high regardless of 
apolipoprotein E ε4 genotype, a known genetic risk factor of AD, suggesting that other 
factors may contribute to the risk of AD in Black individuals (Tang et al., 1998).   
There are few studies that have examined the effects of social discrimination on 
the brain and cognition. Greater perceived discrimination has been associated with poorer 
cognitive function and episodic memory in a cohort study of older Black adults (Barnes 
et al., 2012). In a longitudinal study, older adults, reporting higher rates of perceived 
discrimination, showed poorer delayed recall over a 4-year period, independent of 
socioeconomic and health status (Shankar & Hinds, 2017). Additionally, functional 
neuroimaging studies have examined the neural correlates of perceived discrimination. 
One study found that greater discrimination correlated with elevated amygdala 
connectivity, a potential neurobiological pathway for negative health outcomes (Clark et 
al., 2018). However, the association between discrimination and WM integrity has not 
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been examined. It is critical to examine this relationship as studies have shown that age-
related decline in episodic memory arises from WM degeneration (Ziegler et al., 2010).  
 
1.6 Hypotheses and Goals 
In the present study, the first aim was to investigate whether experiences of 
chronic social discrimination are associated with poorer episodic memory in older adults, 
independent of factors known to affect cognitive performance (e.g. age, sex, and 
education). Episodic memory performance was assessed with Craft Story 21 and Logical 
Memory delayed recall tests from the National Alzheimer’s Coordinating Center Uniform 
Dataset (NACC UDS).  
Our second aim was to examine whether perceived social discrimination and 
episodic memory performance are related to structural abnormalities of the UF tract. 
Structural connectivity was assessed with high angular resolution diffusion imaging 
(HARDI). Global probabilistic tractography (TRACULA, Yendiki et al., 2011) was used 
for automatic reconstruction of the UF with a priori anatomical information. This 
methodology assumes the probability distribution of multiple fiber orientations in each 
voxel along the UF tract to provide its diffusion metrics (FA and MD)(Yendiki et al., 
2011). Guided by findings from DWI studies suggesting stress-induced myelin 
degeneration, we predicted, first, that greater perceived social discrimination would be 
associated with increased MD and decreased FA of the UF tract; second, that poorer 
episodic memory performance specifically among individuals with greater perceived 






Data analyses included participants enrolled in two larger pilot studies of chronic 
psychosocial stress, the hippocampal memory system, and aging, conducted by the Brain 
Plasticity and Neuroimaging Laboratory at the Boston University School of Medicine. 
Participants in the Chronic Stress and Aging Study (referred to as CSA Study) were self-
identified Black/ African Americans recruited from the Greater Boston area. The cohort 
included Black seniors between the ages of 50 to 80 years without dementia who lived in 
the Greater Boston area for at least 40 years. To increase sample size, participants from 
another study, the Health Outreach Program for the Elderly Pilot Study: Psychosocial 
Stress (referred to as HOPE Study), were included in the analysis. The HOPE study 
recruited Black/African American or non-Latinx White American members of the HOPE 
Study at Boston University Alzheimer’s Disease Center. Participants were predominantly 
White/Americans of European descent between the ages of 50 to 85 years without 
dementia. Eligibility for analyses was restricted to non-smoking participants free of 
dementia and native English speakers for both cohorts. Exclusion criteria included 
uncorrected poor vision, current diagnosis of a neurological or psychiatric condition (i.e., 
depression, anxiety disorder, epilepsy), and use of medication that may affect cortisol 
levels (e.g., corticosteroids) or cognitive functioning (e.g., psychoactive drugs, 
antidepressants). Individuals who met the criteria for current dementia via the Montreal 
Cognitive Assessment (MoCA) or Mini-Mental State Examination (MMSE) were also 
excluded. Both the CSA and HOPE studies use similar screening techniques, and have a 
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common neuropsychological assessment, which conforms to the NACC UDS. Each 
participant was administered either Version 2 or 3 of the UDS forms, previously 
described (Weintraub et al., 2018; Weintraub et al., 2009). Methods for analyzing the two 
versions from the combined cohorts are described in section 2.3. At the time of these 
analyses, 34 participants were eligible with complete datasets. Of those, 6 participants 
were excluded for medications (e.g., corticosteroids) with the potential to influence the 
HPA axis and cortisol synthesis (Granger et al., 2009). This left 28 (12 CSA, 16 HOPE) 
participants analyzed in this study. Demographic data are summarized in Table 1.  
 
Table 1. Participant Demographics 
Demographic characteristics, discrimination and stress levels in the total sample (N = 28). 
 
 Summary Statistics 
Characteristics Median (IQR) or N (%) 
Age, years 71 (63.8 – 73) 
Sex 
      Male 






      African American/Black 





Education, years 16 (14 – 18) 
Logical Memory delayed recall scores 15.5 (10.5 – 18.25) 
Dementia – MoCA scores 27.5 (25 – 28) 
Discrimination – EoD scores 10 (7.1 – 24.1) 
Current Stress – PSS scores 9.5 (4 – 17.3) 
MoCA, Montreal Cognitive Assessment; EoD, Experiences of Discrimination;  
PSS, Perceived Stress Scale; IQR, interquartile range 
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2.2 Assessment of Perceived Discrimination and Stress  
Perceived social discrimination was assessed with a 10-item self-report 
instrument, the Experiences of Discrimination (EoD) questionnaire, which measured the 
frequency of day-to-day unfair treatment. The EoD has been validated across a diversity 
of samples, with high internal consistency and reliability (Cronbach’s alpha of 0.74 or 
above) (Krieger et al., 2005). Respondents indicated how often they experienced social 
mistreatment in ten everyday situations and the main reason for these experiences (e.g., 
race, sex, age, education). Sample items include “You have been treated with less 
courtesy than other people,” and “You have been treated with less respect than other 
people.” The frequency of each item was reported as “never”, “once”, “two to three 
times”, or “four or more times”. Following previous work (Krieger et al., 2005), the value 
of 5 was assigned to “four or more times”, 2.5 to “two to three times”, 1 to “once”, and 0 
to “never”. For each participant, total occurrences of unfair treatment, for any reason, 
were summed across items resulting in a total score (range: 0 – 50), with higher scores 
indicating greater discrimination.  
Because everyday discrimination is associated with increased stress and 
neuropsychiatric symptoms, including depression and anxiety (Schmitt et al., 2014), 
levels of current stress, were assessed using the Perceived Stress Scale (PSS). The 10-
item PSS, previously validated by Cohen et al. (1983), assesses one’s perception of 
psychological stress in the last month. Respondents indicate how often they felt or 
thought their lives were unpredictable and uncontrollable using a 4-point Likert scale, 
with 0 = never and 4 = very often. Sample items include “In the last month, how often 
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have you been upset because of something that happened unexpectedly,” and “In the last 
month, how often have you felt that you were unable to control the important things in 
your life.” After accounting for reverse-scored items, higher scores reflect higher levels 
of perceived stress over the past month (range: 0 – 40) (Cohen et al., 1983).  
 
2.3 Assessment of Episodic Memory Function 
A battery of neuropsychological tests (Version 2 or 3) was administered to each 
participant. The MoCA and MMSE are both screening tests used to estimate the overall 
cognitive impairment of each participant. To compare these tests on a combined cohort, 
MMSE scores were converted to MoCA scores, using conversion tables developed by 
Bergeron et al. (2017). Several tests on both Version 2 and 3 of the UDS forms assessed a 
specific domain of cognitive function. Story recall tests were used to analyze episodic 
memory in each version: (a) recall of Story A from the Logical Memory subtest of the 
Wechsler Memory Scale Revised Manual (Wechsler et al., 1987), and (b) Craft Story 21 
recall (Craft et al., 1996). Craft Story 21 replaced Logical Memory, used in UDS Version 
2, in Version 3 of the UDS forms. As with Logical Memory, Craft Story 21 is a 
paragraph story recall test in which the participant repeats a story read by the examiner, 
using the same (verbatim) or similar (paraphrase) words. The participant is asked to retell 
the story both immediately and after a 20-minute delay period. For Craft Story 21, 
verbatim and paraphrase recall are scored individually for both immediate and delayed 
recall. Logical Memory does not include a verbatim score, providing only two possible 
scores: immediate and delayed paraphrase. For paraphrase scoring, one point is awarded 
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for responses that captures the elements of the story (informational “bits”) without exact 
wording, totaling to 25 bits. For each participant, total bits were summed for the delayed 
recall, resulting in a total possible score of 0 to 25, with higher scores indicating greater 
recall or episodic memory performance. To analyze these tests for a combined cohort, 
delayed Craft Story 21 paraphrase scores were converted to equivalent delayed Logical 
Memory scores using the equipercentile equating method described in the Crosswalk 
Study by Monsell et al. (2016).  
 
2.4 MRI Acquisition 
Participants were scanned using a 3 Tesla Phillips Achieva MRI scanner at 
Boston University Center for Biomedical Imaging. We acquired a high-resolution, whole-
brain anatomic T1-weighted scan using a magnetization prepared rapid gradient echo 
(MP-RAGE) sequence (150 slices, repetition time [TR] = 6.8 ms, echo time [TE] = 3.1 
ms, flip angle = 9°, matrix size = 256 x 254, field of view [FOV] = 250 mm, voxel size = 
0.98 mm x 0.98 mm x 1.20 mm). Additionally, a T2-weighted FLAIR (fluid-attenuated 
inversion recovery) was acquired using whole-brain sagittal sections (321 slices, TR = 
4800 ms, TE = 1650 ms, matrix size = 224 x 224, FOV = 250 mm, voxel size = 1.1 mm x 
1.1 mm x 0.56 mm). HARDI scans were acquired in 64 diffusion directions with a b 
value of 3000 s/mm2 (65 slices, TR = 8792 ms, TE = 100 ms, matrix size = 112 x 112, 
voxel size = 2 mm3). Parameters were equivalent for both CSA and HOPE participants. 
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2.5 HARDI Analysis 
HARDI analysis involved three main tasks: (1) producing automatic cortical and 
subcortical segmentations from structural MRI; (2) fitting the ball-and-stick model of 
diffusion to HARDI data (tensor fitting); (3) reconstructing WM pathways, which 
produces diffusion metrics. FreeSurfer software version 6.0 (Fischl, 2012) was used to 
perform automated cortical parcellation and subcortical segmentation of structural T1-
weighted scans with FLAIR images to refine pial-surface demarcation. This provided 
gray-white matter segmentation used to restrict tractographic analyses to white matter. 
The ball-and-stick model, implemented in BedPostX of FSL, splits MR signals into 
several anisotropic components (i.e., fiber orientations) to estimate the probability 
distribution of diffusion at every voxel. Following tensor fitting, we employed cortical 
and subcortical segmentation labels, as well as estimated probability distribution data, to 
perform global probabilistic tractography analysis with TRActs Constrained by 
UnderLying Anatomy (TRACULA) in FreeSurfer. To reconstruct major WM bundles, 
TRACULA relies on anatomical information collected from 30 healthy, middle-aged 
training subjects that was used to generate an atlas consisting of manually labeled WM 
pathways (Yendiki et al., 2011). For each participant, we automatically reconstructed the 
UF tract by using the individual’s diffusion probability distribution and segmentations, 
combined with anatomic priors from the TRACULA atlas (Figure 1). TRACULA then 
generates a weighted average of the FA and MD values, whereby the values are weighted 
by the pathway probability at each voxel and averaged across all voxels of that tract. This 




Figure 1: The Uncinate Fasciculus Reconstructed in a Representative Participant 
Estimated probability of the UF tract overlaid on the DWI brain mask for a representative 
participant, shown in (A) axial, (B) sagittal, and (c) coronal views, in Freeview.    
 
2.6 Statistical Analyses 
  All statistical analyses were conducted using RStudio (version 1.2.1335). All 
variables were tested for normality by investigating their distributions using a histogram. 
Because the data were positively or negatively skewed, continuous variables were 
summarized by median and interquartile range (IQR) (Tables 1 & 6). For descriptive 
purposes, within-group analyses were completed using the Wilcoxon-rank-sum test and 
Chi-square test of independence (Tables 3 & 6). Given that our variables were non-
normally distributed, Spearman’s rank correlation was used to conduct non-parametric 
analyses between PSS and EoD scores (Figure 2), UF diffusion metrics and EoD scores 
(Table 7), and UF diffusion metrics and Logical Memory performance in those reporting 
one or more experiences of discrimination (Table 8). Regression diagnostic plots (e.g. Q-
Q plots) were used to validate assumptions for the linear regression model; assumptions 
were fairly met for linear regression analysis. Multiple linear regression models examined 
EoD and PSS scores as predictors of Logical Memory delayed recall performance, with 





3.1 Descriptive Statistics and Perceived Discrimination 
 Descriptive statistics for the study sample (N = 28) are summarized in Table 1. 
Participants were a median age of 71 (CSA: 61.5, HOPE: 71.5) years (IQR28 = 9.2), had a 
median of 16 (CSA: 15, HOPE: 17.5) years of education (IQR28 = 4), a median Logical 
Memory score of 15.5 (CSA: 8.5, HOPE: 18) (IQR28 = 7.8), a median EoD score of 10 
(CSA: 23.5, HOPE: 7.5) (IQR28= 17), and a median PSS score of 9.5 (CSA: 16.5, HOPE: 
9.0) (IQR28 = 13.3); 57.1% of the sample was Black/African American. EoD scores were 
positively skewed, with 46.4% reporting no experiences of discrimination when scores 
were defined by the most frequent value reported for any individual situation (Table 2). 
 
Table 2. Frequency Distribution of Perceived Discrimination 
Frequency distribution for each of the 10 day-to-day situations of discrimination in the 
total sample (N = 28).  
 
 
Never Once 2–3 times  >4 times 
n (%) n (%) n (%) n (%) 
“Treated with less courtesy than others” 10 (35.7) 4 (14.3) 8 (28.6) 6 (21.4) 
“Treated with less respect than others” 7 (25.0) 6 (21.4) 10 (35.7) 5 (17.9) 
“Received poor service in restaurants” 13 (46.4) 3 (10.7) 6 (21.4) 6 (21.4) 
“People act as if you are not smart” 10 (35.7) 6 (21.4) 7 (25.0) 5 (17.9) 
“People act as if they are afraid of you” 16 (57.1) 2 (7.1) 6 (21.4) 4 (14.3) 
“People act as if you are dishonest” 18 (64.3) 2 (7.1) 3 (10.7) 5 (17.9) 
“People act as if they’re better than you” 6 (21.4) 3 (10.7) 8 (28.6) 11 (39.3) 
“You are called names or insulted” 10 (35.7) 6 (21.4) 6 (21.4) 6 (21.4) 
“You are threatened or harassed” 16 (57.1) 2 (7.1) 7 (25.0) 3 (10.7) 
“You are followed around in stores” 17 (60.7) 2 (7.1) 5 (17.9) 4 (14.3) 




Table 3. Reasons for Perceived Discriminationa 
Frequency and relative frequency of the reasons for perceived discrimination in the total 
sample and subsamples, based on race.  
 
Discrimination Typeb 
  Race 
Overall (N = 28)  Black (n = 12) White (n = 16) 
n (%)  n (%) n (%) 
Race 11 (39.3)  11 (91.7)* 0 (0.0) 
Sex 10 (35.7)  3 (25.0) 7 (43.8) 
Age 9 (32.1)  3 (25.0) 6 (37.5) 
Other 8 (28.6)  1 (8.3) 7 (43.8)* 
Socioeconomic Status 3 (10.7)  2 (16.7) 1 (0.06) 
Height/Weight 1 (4.0)  0 (0.0) 1 (0.06) 
Disability 1 (4.0)  0 (0.0) 1 (0.06) 
a Columns do not add up to 100% as participants gave more than on reason 
b Based on main reason provided for day to day discrimination 
* p < 0.05 
 
Table 2 represents the distribution of the reasons for perceived discrimination. 
The relative frequency sums to more than 100% by column as participants reported more 
than one main reason for discrimination for each situation. The most commonly reported 
reasons are race (39.3%), sex (35.7%), age (32.1%), and other (28.6%). Socioeconomic 
status, height/weight, and disability were less common (4.0 – 10.7%). The vast majority 
of Black participants (91.7%) reported race as the main reason of perceived 
discrimination (χ2 = 24.2, p < 0.0001). Other is reported as the reason for discrimination 
by a significantly higher proportion of White participants (43.8%) than Black participants 




3.2 Perceived Discrimination and Perceived Stress 
 To assess if exposure to everyday discrimination is associated with higher 
perceived stress, correlation analyses were conducted to assess the relation between EoD 
and PSS scores. Spearman’s nonparametric correlation showed a significant positive 
association between EoD and PSS scores (rs(28) = 0.45, p = 0.017) (Figure 2).  Greater 
exposure to daily discrimination was significantly associated with higher levels of 
perceived stress, implicating perceived discrimination as a chronic stressor.   
 
  
Figure 2: Correlation between Perceived Stress and Experiences of Discrimination 
Scatterplot of Spearman’s correlation between Experiences of Discrimination scores and 




3.3 Perceived Discrimination, Perceived Stress and Logical Memory Scores 
 The association of perceived discrimination and stress with Logical Memory 
performance was assessed in a series of linear regression models. The first model 
examined the association of Logical Memory delayed recall performance to EoD scores, 
controlling for age, sex, education, and race (Table 4). Results demonstrate that EoD was 
not significantly related to Logical Memory performance, and remained insignificant 
after controlling for all other covariates (p = 0.552). However, age, education and race 
were significantly associated with Logical Memory performance. Each additional year of 
age and education is associated with a 0.25-unit decrease (p = 0.045) and 0.84-unit 
increase (p = 0.041) in Logical Memory scores, respectively, after adjusting for all other 
variables. On average, Black participants have a Logical Memory score that is 8.08 units 
lower than white participants (p < 0.001), after adjusting for all other variables.    
 
Table 4. Multiple Regression Analysis of Logical Memory IIA-Delayed Performance 
and Experiences of Discrimination 
Multiple regression associations of Logical Memory performance scores with experiences 
of discrimination, controlling for demographic characteristics in the total sample (N = 28) 
(adjusted R2 = 0.624, p < 0.0001).  
 
Variables B (SE) t p-value 
EoD scores -0.033 (0.054) -0.605 0.552 
Age, years -0.251 (0.118) -2.130  0.045* 
Education, years 0.835 (0.385) 2.170  0.041* 
Sex (0=Male, 1=Female) 2.045 (1.505) 1.358 0.188 
Race (0=White, 1=Black) -8.080 (2.002) -4.037 0.0006*** 
EoD, Experiences of Discrimination; B = regression coefficient; SE = standard error 




The second model examined the association of Logical Memory delayed recall 
performance to PSS scores, controlling for age, sex, education, and race (Table 5). 
Results demonstrate that PSS was not significantly related to Logical Memory scores, 
and remained insignificant after controlling for all other covariates (p = 359). Only race 
was significantly associated with Logical Memory performance in the predictive model. 
On average, Black participants have a Logical Memory score that is 8.97 units lower than 
white participants (p < 0.001), after adjusting for all other variables.   
 
Table 5. Multiple Regression Analysis of Logical Memory IIA-Delayed Performance 
and Perceived Stress 
Multiple regression associations of Logical Memory performance scores with perceived 
stress scores, controlling for demographic characteristics in the total sample (N = 28) 
(adjusted R2 = 0.633, p < 0.0001).  
 
Variables B (SE) t p-value 
PSS scores 0.080 (0.086) 0.937 0.359 
Age, years -0.216 (0.118) -1.837 0.080 
Education, years 0.722 (0.386) 1.869 0.075 
Sex (0=Male, 1=Female) 1.917 (1.487) 1.290 0.211 
Race (0=White, 1=Black) -8.971 (1.885) -4.760      9.43e-05*** 
PSS, Perceived Stress Scale; B = regression coefficient; SE = standard error 







3.4 White Matter Integrity, Perceived Discrimination and Logical Memory Scores  
 Twenty-two (CSA: 6, HOPE: 16) of the 28 participants elected to participate in 
MRI data collection. Diffusion values of the UF tract for participants who completed the 
HARDI scans are summarized in Table 6. HARDI analyses of group data showed a 
median FA of 0.338 (CSA: 0.351, HOPE: 0.327) (IQR22 = 0.03) and a median MD of 
5.766 x 10-4 mm2/s (CSA: 5.796, HOPE: 5.753) (IQR22 = 0.237) in the right UF tract; a 
median FA of 0.363 (CSA: 0.368, HOPE: 0.359) (IQR22 = 0.04) and a median MD of 
5.661 x 10-4 mm2/s (CSA: 5.789, HOPE: 5.648) (IQR22 = 0.382) in the left UF tract. 
Median FA in the left UF was larger than in the right UF (U22 = 155, p = 0.041; Table 6). 
No significant difference between left and right MD was found (p = 0.449). 
 
Table 6. Diffusion Metrics for Uncinate Fasciculus Pathway 
Descriptive statistics of FA and MD values for the UF tract in the total sample (N = 22).  
 
Diffusion Metrics 
Right Hemisphere Left Hemisphere 
Median   (IQR) Median (IQR) 
      FA 
      MD 
0.338 
5.766 
(0.322 – 0.350) 
(5.633 – 5.870) 
0.363* 
5.661   
(0.339 – 0.381) 
(5.603 – 5.985) 
FA, fractional anisotropy; MD, mean diffusivity  
MD in 10-4 mm2/s 
* p < 0.05 
 
To assess if perceived discrimination is associated with structural abnormalities of 
the UF tract (i.e., increased MD and decreased FA), correlation analyses assessed the 
relation between EoD scores and diffusion values (Table 7). There was no significant 
correlation between EoD scores and diffusion metrics of the UF (all rs < 0.24, p > 0.20).  
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Table 7. Spearman’s Correlations between Uncinate Fasciculus Diffusion Metrics 
and Experiences of Discrimination 
Spearman’s nonparametric correlations between diffusion metrics of the UF and 
experiences of discrimination scores (N = 22).  
 
Diffusion Metrics Correlation (rs) p-value 
Left UF, FA 0.005 0.984 
Left UF, MD 0.162 0.470 
Right UF, FA 0.234 0.295 
Right UF, MD 0.007 0.976 
UF = uncinate fasciculus; FA = fractional anisotropy; MD = mean diffusivity  
 
To assess whether structural abnormalities of the UF tract correlate to episodic 
memory, correlation analyses were used to assess the relation between Logical Memory 
delayed recall scores and diffusion values in those reporting one or more experiences of 
discrimination (n = 10) (Table 8). There was a weak negative association between 
Logical Memory performance and left MD (rs(10) = -0.37) and right MD (rs(10) = -0.35), 
although not significant (p > 0.05). Overall, Logical Memory scores were not 
significantly associated with diffusion metrics of the UF (all p > 0.05).  
 
Table 8. Spearman’s Correlations between Uncinate Fasciculus Diffusion Metrics 
and Logical Memory IIA-Delayed Performance in Discriminated Participants  
Spearman’s nonparametric correlations between diffusion metrics of the UF and Logical 
Memory performance scores in participants self-reporting discrimination (n = 10).  
 
Diffusion Metrics Correlation (rs) p-value 
Left UF, FA 0.134 0.713 
Left UF, MD -0.371 0.292 
Right UF, FA -0.559 0.093 
Right UF, MD -0.347 0.327 






 This study tested the central hypothesis that greater perceived social 
discrimination in older adults is associated with poorer episodic memory performance 
and structural abnormalities of the UF tract. We observed a significant positive 
association between perceived discrimination and psychological stress. However, greater 
EoD and PSS scores were not significantly related to Logical Memory delayed recall test 
performance. We found differences in median FA values between the left and right UF. 
There was no significant correlation of EoD and Logical Memory delayed recall test 
scores with structural alterations of the UF tract.  
 
4.1 Perceived Discrimination and Episodic Memory 
Numerous studies have established perceived social discrimination as a chronic 
stressor that adversely affects physical and mental health outcomes (Pascoe & Richman, 
2009; Barnes et al., 2008). Older adults are particularly vulnerable to experiences of 
unfair treatment and its adverse health effects, given the pervasive levels of prejudice 
they experience throughout their life, yet few studies have focused on this group. In this 
study, we examined the association of perceived discrimination and perceived stress to 
episodic memory performance in older adults. Similar to previous studies (Barnes et al., 
2012), the vast majority of participants reported at least one experience of discrimination 
despite the low overall median level of perceived discrimination. We found that greater 
perceived social discrimination was associated with higher levels of perceived stress, 
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implicating discrimination as a chronic social stressor. This is consistent with previous 
literature demonstrating an association between perceived discrimination and 
psychological distress (Schmitt et al., 2014; Pascoe & Richman, 2009).  
However, contrary to previous literature (Barnes et al., 2012; Turner et al., 2017), 
we found no significant association between experiences of discrimination, perceived 
stress, and episodic memory performance. In these previous studies, greater perceived 
discrimination (Barnes et al., 2012) and perceived stress (Turner et al., 2017) were related 
to poorer episodic memory performance in a large cohort of older African Americans. 
Similar methodologies for perceived discrimination (i.e. everyday discrimination scale), 
perceived stress (i.e. PSS), and episodic memory performance (i.e. Logical Memory 
delayed recall test) were administered. Unlike our study, prior cohorts consisted of a 
larger number of participants with similar characteristics. Lack of association of 
perceived discrimination and stress with episodic memory in our study is likely due to 
our small sample size. It is possible that with a larger study sample, our results would 
differ. Additionally, by combining Black and White participants, our results were 
subjected to performance discrepancies.  
Age, education, and race were significantly associated with and independently 
influenced by episodic memory performance. In particular, after adjusting for all other 
covariates, Black participants obtained significantly lower scores on the Logical Memory 
recall test. Previous studies have shown test performance discrepancies between Black 
and White participants persist despite being prospectively matched on potentially 
confounding demographic factors, suggesting poor sensitivity and specificity of these 
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neuropsychological measures (Manly et al., 2002). Manly et al. (2004) proposed that 
cultural and educational experiences (i.e. acculturation and reading levels) lead to 
differences in knowledge acquisition, problem-solving, and practice, which can 
independently influence test performance. Therefore, controlling for the years of 
education may be inappropriate as the quality of education varies substantially both 
between and within groups. This may, in part, account for the test performance 
discrepancies in our study.  
 
4.2 Perceived Discrimination, Episodic Memory and White Matter Integrity  
In this study, we investigated the integrity of the uncinate fasciculus tract in older 
adults using global probabilistic tractography. Our sample had higher FA values in the 
left uncinate fasciculus compared to the right. Asymmetry of the uncinate fasciculus 
anisotropic diffusion has been documented in the literature. Some studies have found 
greater anisotropy in the left than in the right uncinate fasciculus (Kubicki et al., 2002). 
Kubicki et al. (2002) propose that asymmetry may indicate a higher density of fibers and 
greater connectivity on one side of the brain, which may be relevant to lateralized 
functions (i.e., verbal encoding). While others have found right-greater-than-left FA 
asymmetry in the uncinate fasciculus (Rodrigo et al., 2007). This variability in 
anisotropic diffusion may be due to methodological differences in image acquisition and 
location of diffusion measure within the uncinate fasciculus (Rodrigo et al., 2007; Diehl 
et al., 2008). Our current image analysis determined uncinate fasciculus anisotropic 
diffusion along the entire length of the tract and did not account for location differences.            
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The uncinate fasciculus is a bidirectional fiber tract that connects the frontal and 
temporal lobes (Schmahmann et al., 2007). FA and MD are imaging biomarkers that 
represent aspects of WM microstructural integrity: FA reflects fiber coherence and 
directionality of diffusion, and MD reflects membrane integrity and myelination (Song et 
al., 2003). Increase in MD reflects lower membrane integrity; decrease in FA reflects loss 
of diffusion in a preferred direction (Soares et al., 2013). Human and animal studies have 
associated lower WM integrity with stress and elevated glucocorticoids (Cox et al., 
2015a). In this study, we examined the association between perceived discrimination, as a 
measure of chronic psychosocial stress, and diffusion values of the uncinate fasciculus. 
We found no significant correlation of EoD scores to FA and MD values of the UF tract. 
This is not in line with previous animal studies that demonstrated increased MD in the 
UF tract of high stress monkeys, as measured by urinary cortisol (Willette et al., 2012). In 
humans, DWI studies have demonstrated an increase in uncinate fasciculus MD as a 
consequence of chronic stress exposure (i.e. PTSD), suggesting that MD may be more 
susceptible to WM microstructural alterations than FA (Koch et al., 2017, Cox et al., 
2015a). Additionally, studies have shown a positive correlation between age and MD in 
the UF, such that MD in the UF increases with age (Metzler-Baddeley et al., 2011). 
Therefore, chronic stress and aging are correlated with microstructural changes in WM 
integrity. One DWI study found a positive correlation between MD of the UF and 
salivary cortisol levels in ninety older adults (Cox et al., 2015a). Our study did not 
replicate previous findings possibly due to its smaller sample size and subjective 
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measures of chronic stress. It is possible that objective measures, such as salivary 
cortisol, would have provided a physiological measure of stress.  
A multitude of studies have implicated the uncinate fasciculus in episodic 
memory encoding and retrieval (Von Der Heide et al., 2013). Therefore, the integrity of 
the UF tract is essential for optimal episodic memory performance. We examined the 
relation between diffusion metrics of the UF tract and episodic memory performance in 
those with one or more experiences of discrimination. Although none of the correlations 
reached statistical significance, we did observe a weak negative (non-significant) 
association between Logical Memory recall and MD in the UF; participants with the 
lowest MD values showed the highest Logical Memory recall test scores. With an 
increased sample size this may have reached statistical significance. Cox et al. (2015b) 
demonstrated an association of increased cortisol levels and lower MD of the UF to 
greater decline in cognitive functioning, including episodic memory, measured with 
Logical Memory recall tests. Additionally, several studies have explored the association 
between WM microstructural abnormalities and cognition in AD. One study examined 
increased MD and decreased FA values of several WM tracts with a strong correlation to 
cognitive impairment among patients with AD (Bozzali et al., 2002). However, findings 
of FA reduction from other studies are inconsistent with regards to the specific WM tract 
affected in AD. A study by Meier et al. (2012) failed to replicate a statistically significant 
FA reduction when an overall global measure of WM integrity was estimated. 
Furthermore, they found no association between global FA and cognitive functioning. 
Meier et al. (2012) argue that FA may not be a significant predictor of cognition. 
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4.3 Limitations and Future Directions 
There are limitations in this current study. First, to increase sample size, 
participant data from two cohort studies were combined. Although both studies 
implemented a similar design, the two cohorts varied significantly in age, education, 
MoCA scores, EoD scores, and, most critically, in race. Despite combining cohorts, we 
still had a relatively small sample size (n < 30). Having a small sample size with low 
statistical power increased the probability of a type II error, reducing the chance of 
detecting a true effect. It is possible that results would have reached statistical 
significance with a larger sample size. Future studies should include a larger sample size 
to improve statistical power and reproducibility. Additionally, we were unable to adjust 
regression models for all covariates that influence perceived discrimination and memory 
(i.e., neuroticism and perceived control).  
Second, we combined Black and White participants in the same analyses of 
neuropsychological testing (i.e. Logical Memory IIA-delayed recall) but did not account 
for differences in cultural and educational experiences, which may have led to test 
performance discrepancies. Future studies should control for factors such as acculturation 
and educational quality (i.e., reading level) to improve the specificity of 
neuropsychological measures. These studies should work towards the development of 
culturally valid neuropsychological measures. Additionally, we converted Craft Story 21 
to equivalent delayed Logical memory scores using the equipercentile equating method. 
This may have caused on over- or under-estimation of one’s true score. Future studies 
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should implement a uniform neuropsychological measure of episodic memory in all 
participants.  
Third, overall levels of perceived discrimination were low, reflecting a floor 
effect of the questionnaire that may not fully distinguish responses among participants. 
The day-to-day unfair treatment questionnaire focuses on more subtle, recurrent 
experiences as opposed to major traumatic instances of discrimination (i.e. being unfairly 
fired). A measure of major discriminatory events might more accurately reflect a lifetime 
of discrimination in our older adult population. Furthermore, self-report measures are 
inherently limited by reporting/recall bias: an individual perceiving more or less 
discrimination than what exists. To resolve this bias, future studies should control for 
neuroticism, a personality trait characterized by a predisposition to experience negative 
affect and psychological distress (Fink 2016). The literature suggests that neuroticism 
moderates the relationship between perceived psychosocial stress (e.g. discrimination) 
and health outcomes (e.g. cognition) (Williams et al., 2003). Barnes et al. (2012) 
demonstrated that in those reporting greater experiences of discrimination, cognitive tests 
were lower when neuroticism was low; but higher when neuroticism was high. Similarly, 
perceived control, one’s sense of control over aversive events, and resilience may 
attenuate the negative impact of perceived discrimination (Jang et al., 2008). Overall, 
both neuroticism and perceived control could influence the negative impact of perceived 
discrimination.    
Fourth, we analyzed diffusion values from only the uncinate fasciculus, thought to 
subserve episodic memory, using FreeSurfer’s TRACULA. However, other white matter 
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tracts have been associated with episodic memory performance, including the cingulum 
bundle, superior and inferior longitudinal fasciculi (Lockhart et al., 2012). Future studies 
should analyze multiple WM tracts, particularly in the medial temporal lobe. Penke et al. 
(2010) states that because various WM tracts are affected simultaneously during global 
processes, such as cognition and memory, overall summary measures of WM integrity 
should be derived to increased reliability and reproducibility of the study. Therefore, 
global white matter integrity may be more indicative of cognitive decline or memory loss 
than specific tract metrics. Another limitation is the uncertainty regarding whether DWI 
is a true measure of ‘WM integrity’. DWI techniques rely on a number of approximations 
about the underlying structures and results can easily be misinterpreted (Jones et al., 
2013). Therefore, a change in FA and MD values may not necessarily reflect changes in 
WM integrity. A potential limitation of the automatic segmentation methodology is that 
TRACULA relies on anatomical information collected from 30 healthy, middle-aged 
training subjects, which may not be representative of our older adult population. 
Finally, our study design was cross-sectional. Future research will benefit from 
prospective designs which allow stronger causal inferences about relationships between 
perceived discrimination, episodic memory and WM microstructure over the course of 
aging. Replication of this study in a larger cohort with a prospective design would yield 






 The present study did not report a significant association of perceived social 
discrimination and stress with episodic memory performance. Nonetheless, we found that 
exposure to multiple forms of perceived social discrimination was significantly 
associated with self-reported perceived stress. Neuropsychological test performance 
discrepancies are well documented. In particular, after adjusting for all other covariates, 
Black participants obtain significantly lower scores on Logical Memory recall tests. 
Future studies should consider controlling for cultural factors to improve the specificity 
of neuropsychological measures. 
Our findings do not replicate previous literature correlating structural alterations 
of the uncinate fasciculus with measures of psychosocial stress. We did not find a 
correlation between uncinate fasciculus diffusion metrics and Logical Memory recall 
performance in those reporting one or more experiences of discrimination. However, the 
negative correlation of MD in the UF and Logical Memory performance in the expected 
direction is promising. Further longitudinal research is warranted to establish a causal 
relationship between perceived discrimination, episodic memory and WM microstructure 
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